We have used optical V and R band observations from the Massive Compact Halo Object (MACHO) project on a sample of 59 quasars behind the Magellanic clouds to study their long term optical flux and colour variations. These quasars lying in the redshift range of 0.2 < z < 2.8 and having apparent V band magnitudes between 16.6 and 20.1 mag have observations ranging from 49 to 1353 epochs spanning over 7.5 years with frequency of sampling between 2 to 10 days. All the quasars show variability during the observing period. The normalized excess variance (F var ) in V and R bands are in the range 0.2% < F V var < 1.6% and 0.1% < F R var < 1.5% respectively. In a large fraction of the sources, F var is larger in the V-band compared to the R-band. From the z-transformed discrete cross-correlation function analysis, we find that there is no lag between the V and R-band variations. Adopting the Markov Chain Monte Carlo (MCMC) approach, and properly taking into account the correlation between the errors in colours and magnitudes, it is found that majority of the sources show a bluer when brighter trend, while a minor fraction of quasars show the opposite behaviour. This is similar to the results obtained from other two independent algorithms namely the weighted linear least squares fit (FITEXY) and the bivariate correlated errors and intrinsic scatter regression (BCES). However, the ordinary least squares (OLS) fit normally used in the colour variability studies of quasars, indicates that all the quasars studied here show a bluer when brighter trend. It is therefore very clear that OLS algorithm cannot be used for the study of colour variability in quasars.
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INTRODUCTION
Active Galactic Nuclei (AGN), such as seyfert galaxies, quasars and blazars (BL Lac objects and flat spectrum radio quasars) have been known to show variations in their continuum emission since their discovery (Smith & Hoffleit 1963; Sandage 1964 Sandage , 1966 Kinman 1968) and is now one of their defining characteristics. Majority of the quasars are variable and such continuum flux variability is of the order of up to tens of percent in amplitude (Giveon et al. 1999; Sesar et al. 2007) . This is commonly aperiodic in nature and has been observed to occur on timescales of days to years and in all energy bands from X-ray to radio wavelengths (Hook et al. 1994; Berk et al. 2004) . Also, optical flux variations within a night with amplitudes of variability of the order of few tenths of a magnitude (and referred to as intra-night optical variability; INOV) have been known in both radio-loud and radioquiet quasars (Stalin et al. 2009 (Stalin et al. , 2004 . Though debated, these INOV might be related to hot spots on the accretion disk (Mangalam & Wiita 1993) and/or associated with the relativistic jets (Marscher et al. 1992 ). This particular flux variability of quasars, is also being used as an efficient tool in finding new quasars from photometric monitoring data (Koo et al. 1986; Ivezic et al. 2004; Rengstorf et al. 2004; Palanque-Delabrouille et al. 2011; Kim et al. 2011; Schmidt et al. 2010) . In spite of large observational and theoretical efforts to study quasar variability, we still do not have a clear understanding of the physical mechanisms causing flux variations, both long term and INOV in them. It is generally thought that the UV/optical radiation from quasars are from a geometrically thin, optically thick accretion disk powered by a super massive black hole at the center. Several models are available in literature to explain the long term optical flux variability in quasars covering a wide range of physical mechanisms, namely, instabilities in the accretion disk (Kawaguchi et al. 1998; Siemiginowska & Elvis 1997) , multiple supernova explosions (Terlevich et al. 1992; Aretxaga et al. 1997) , gravitational micro-lensing (Hawkins 1993) , star collisions (Courvoisier et al. 1996; Torricelli-Ciamponi et al. 2000) , thermal fluctuations driven by stochastic process (Kelly et al. 2009 ) and random walk (MacLeod et al. 2010) . However, the observed optical-UV variability of quasars is not explained successfully by any of the above models and thus the origin of quasar variability is still unclear.
Often the flux variations in AGN in different energy bands are associated with time delays between them. Such a time lag between flux variations in different energy bands may hint for a common process connecting spatially separating regions in an accretion disk where most of the corresponding wavelengths are emitted (Bachev 2009 ). In the optical region too, delays of the order of days have been observed with the short wavelength variations leading the long wavelength variations (Cackett et al. 2007; Wanders et al. 1997; Collier 2001) . To explain these observed optical variations, Krolik et al. (1991) suggested the reprocessing model. According to this model, the central high energy X-ray emission is reprocessed to optical photons from the outer and therefore colder regions of the accretion disk. Thus, if the observed optical variations are driven by changes in the central X-ray continuum, there should be a time lag between the optical V and R-band variations with the V-band variations leading the R-band variations. Alternatively, shorter wavelength radiation in an AGN can originate closer to the accretion disk as the accretion disk temperature varies with the radius of the disk as T ∝ R −3/4 . Thus in the case of accretion disk fluctuations drifting inwards Arévalo et al. (2008) , the V-band variations can lag the R-band variations. Therefore, examination of the time lags between the continuum changes between different optical bands for a large sample of quasars, can help to constrain the models in literature on the optical flux variations in quasars. Bachev (2009) using the B and R band observations of 42 PG quasars (Schmidt & Green 1983) found that the red band variations lag behind the blue band variations consistent with reprocessing models. Similar results were also reported by Sergeev et al. (2005) and Liu et al. (2008) .
Flux variations in quasars are also generally associated with a change in their spectra. Such spectral variations in the blazar class of AGN has been investigated by several authors on different timescales (Stalin et al. 2006 (Stalin et al. , 2009 Carini et al. 2011; Poon et al. 2009; Ghisellini et al. 1997; Romero et al. 2000; Raiteri et al. 2003; Villata et al. 2000) . These changes in quasar colour with their brightness could help in understanding their central engine. On monitoring 42 PG quasars over a period of seven years, Giveon et al. (1999) have found that a large fraction of quasars in their sample become bluer as they become brighter. There are two explanations available in the literature on this observationally known bluer when brighter trend. One explanation is that the spectral hardening with brightness is due to a variable component becoming brighter and then getting bluer (Giveon et al. 1999; Wilhite et al. 2005; Wamsteker et al. 1990) . The other explanation is that spectral hardening with brightness can be due to the variable component of constant blue colour becoming brighter and dominating over the nonvariable component of red colour (Winkler et al. 1992; Winkler 1997; Choloniewski 1981) . Recently, using quasars in SDSS stripe 82, Sun et al. (2014) found time dependent colour variation. According to Sun et al. (2014) colour variation decreases with time scale of flux variations, being prominent on short time scales of around 10 days. This finding by Sun et al. (2014) rules out models that attribute the bluer when brighter trend to a combination of variable emission with blue and constant colour and a redder non-variable emission. However, there are also studies that claim to have found no spectral hardening with brightness in quasars. Over a period of three years, Winkler (1997) has monitored 91 Seyfert 1 galaxies and found a linear flux-to-flux relation in them. Similar results are also available in literature (Sakata et al. 2010; Tomita et al. 2006) . Such a linear relationship between fluxes in any two optical bands can indicate constant optical colour or constant spectral shape of the variable component in those sources. Thus, based on available observations, it is still not known conclusively if the continuum flux changes in quasars are also accompanied by a change in their broad band spectra.
The main motivation for this work is to characterise the long term optical variability properties of quasars and their colour variations. Section 2 describes the sample used in the study, Section 3 explains the time lag determination, Section 4 discusses the optical colour variability and the results and conclusions are given in the final section.
THE SAMPLE
The sample of quasars for this study was taken from the Massive Compact Halo Objects (MACHO) database. The Magellanic clouds were monitored by the MACHO project using the 1.27 m telescope of the Mount Stromlo Observatory in red (5900 − 7800Å) and blue (4370 − 5900Å) bands between 1992 July and 2000 January, with the main aim of detecting galactic micro-lensing events behind the Magellanic clouds. The MACHO data base contains light curves for a 7.5 year period in the standard V and R bands with a varying sampling frequency between 2 to 10 days. From this MACHO database, using variability criteria and subsequent spectroscopic follow up, a total of 59 quasars were found to lie behind the Magellanic clouds by Geha et al. (2003) . As the sample quasars are selected from the MACHO database via variability criterion, this sample is therefore biased towards highly variable sources. These quasars have good quality light curves in V and R -bands with reasonably good temporal sampling. They span the redshift range 0.2 < z < 2.8 and their apparent V-band magnitudes are between 16.6 and 20.1 mag. These quasars have light curves over a 7.5 year period with data points ranging between 49 and 1353 epochs. Their V and R-band light curves were taken from the MACHO site 1 . The details of these objects are given in Table. 1. Here, column 2 is the MACHO identification number, column 3 and 4 are the right accession and declination respectively in the J2000 epoch, column 5 is the V-band magnitude, column 6 is the V-R colour in magnitude, column 7 is the redshift, column 8 is the number of data points in the light curve, column 9 and 10 are the extinction coefficients in V and R bands and the last three columns give the infra-red J, H and K-band magnitudes whereever available.
ANALYSIS
All the collected light curves were corrected for Galactic and Magellanic cloud extinction. The Magellanic cloud extinction values were taken from the German Astrophysical Virtual Observatory ((http://dc.zah.uni-heidelberg.de/mcx) which uses the new reddening maps Haschke et al. (2011) based on the data from the third phase of the Optical Gravitational Lensing Experiment (OGLE III) and the transformation relations from Schlegel et al. (1998) . The Galactic extinction values were taken from NED 2 . We rejected from the light curves those epochs having either a V-band or R-band measurements, so that the light curves contain data points having both simultaneous or near simultaneous R and V-band measurements. The final light curves used in this study thus have 49 to 1353 data points spanning about 7.5 years. 
Flux variability
To characterize the flux variation of a source, we have used the normalized excess variance given by Vaughan et al. (2003) . This is defined as
where σ 2 err is the mean square error given as
and S 2 is the sample variance defined as
The error in F var is calculated again using Vaughan et al. (2003) and is defined as
In Fig. 1 is shown the plot of F var in V-band against R-band for all the sources. It is evident from this figure, that majority of sources show more variations in the shorter wavelength (V-band) compared to the longer wavelength (R-band), however, though in minority, some sources show more variation in R-band relative to V-band. We note that Magdis & Papadakis (2006) using the same MACHO database found that all quasars show larger variations in the V-band relative to the R-band independent of their luminosity or redshift. This is in general agreement with our findings reported here.
Color variation
Most of the results on colour variations of quasars available in literature are based on fitting the colours of quasars against their magnitudes. These model fits do not take into account the inherent correlation between errors in the magnitudes and that of the colours estimated using those magnitudes which can lead to spurious results as pointed by Schmidt et al. (2012) . Therefore, in order to estimate the true colour variability we have adopted the bayesian linear fitting procedure using the Markov Chain Monte Carlo (MCMC) method as described in Hogg et al. (2010) and Schmidt et al. (2012) . We also compare the results with that obtained from three other different approaches namely (a) performing a simple ordinary least squares (OLS) fit to data points in the colour versus magnitude plane, (b) performing a weighted linear least square fit that takes into account the errors in both the colour and magnitudes using the FITEXY routine of Press et al. (1992) and (c) the bivariate correlated errors and intrinsic scatter regression (BCES) method of Akritas & Bershady (1996) .
Markov Chain Monte Carlo (MCMC) method
The MCMC method used for fitting the data takes into account the errors in both V and R bands and also prunes the outlier data points as detailed in Hogg et al. (2010) . The details of MCMC method to find true colour variability in quasars is given in Schmidt et al. (2012) . Here, we describe briefly the fitting procedure. A linear fit of the general form to the mean subtracted data is where, V, R are the observed V and R-band magnitudes respectively and < V >, < R > are the mean values of V and R-band magnitudes. This fit can be interpreted as a fit in the V-R colour versus V-magnitude space of the following equation obtained from simple algebric operations of Eq. 5
where B = −b + (<V> -<R>). According to the above equation, if S V R < 1, the quasar becomes bluer when brighter, if S V R = 1, there is no colour variability and if S V R > 1 the quasar becomes redder when brighter. A large space of the parameters (S V R and b) are sampled using a MCMC chain. The best fit parameters are obtained using the peak of the resulting distributions.
The results of our colour analysis is given in Fig. 2 . From the figure it is clear that using the OLS algorithm, all quasars show a bluer when brighter trend. However, using the other three approaches, namely, FITEXY, BCES and MCMC, while majority of the quasars show a bluer when brighter trend, some sources do show a redder when brighter behaviour though in minority. Our analysis on these 59 quasars shows that when studying the colour variations in quasars, one needs to properly take into account the correlation between the errors in colours and magnitudes as pointed by Schmidt et al. (2012) .
TIME LAG BETWEEN V AND R BANDS
The time lag between V and R band of all the 59 objects were studied using the z-transformed discrete correlation function (zDCF, Alexander 2014 . This method is well suited to estimate the crosscorrelation between sparse, unevenly sampled light curves. Unlike the commonly used interpolation method, zDCF does not assume that the light curves are smooth, and it also gives an estimate of the errors in the cross correlation function (Alexander 1997; Liu et al. 2008) . We found no lag between V and R-band flux variations for the quasars in our sample. Similar results have been obtained by Magdis & Papadakis (2006) . They too found no lag between V and R band flux variations in most of the MACHO sources. However, in some sources they noticed the V band variations leading the R band variations. 
CONCLUSIONS
We have carried out a systematic analysis of the long term flux and colour variations of quasars using a sample of 59 sources selected from the MACHO database. The main findings of this study are as follows 1. All the quasars showed long term variations during the 7.5 years of observations 2. A large fraction of the quasars showed large amplitude variations in the shorter wavelength V-band compared to the longer wavelength R-band 3. No time lag is noticed between the flux variations in the V and R bands 4. Using a Bayesian linear fit with an MCMC algorithm that takes into account the correlation between the errors in the colour and magnitude, it is found that most of the sources show a bluer when brighter trend. 5. Similar results are also obtained by using the FITEXY and BCES algorithms. Alternatively, if an ordinary least squares fitting is done which is normally followed in the study of colour variations in quasars, we found that all the quasars show a bluer when brighter trend. This is in contrast to the results obtained using the other three algorithms. Therefore, it is clear that when studying the spectral variations in quasars using colour magnitude diagrams, the correlation between the errors in colours and magnitudes needs to be taken into account.
Quasars in the MACHO database have also been studied for spectral variations by Vagnetti & Trevese (2006) and flux variations by Magdis & Papadakis (2006) . Some of the results presented in this work are in general agreement with that reported by Magdis & Papadakis (2006) .
